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TITLE: Method for 



FIELD OF THE INVENTION 

The present invention relates to n thods for producing oia i poiypep des having 

S 



BACKGROUND 

High dextrose and fructose syrups are made by enzymatic saccharification of liquefied 

as exo-1 ,4 afpha -D-giucosidase (glucoamyiase or amyiogulcosidase). The enzyme hydrolyzes 
1 ,4« as weil as 1 ,6-a!pha-iinkages in starch. During hydrolysis, glucose units are removed in a 
step-wise manner from the non-reducing ends of the substrate molecule, whereas the 1,6- 

used to Sower the carbohydrate content of beer. 

particular amylase, produced by a haskfiomycete strain of AiheM mltei (previously denoted 
Cofticium roifsti) was described In US 4, 727,026. A glucoamyiase from the same Aihdm roffsis 

20 (CmfM) strain was isolated and partially characterized (Nagasaka.Y. et at. (1 998) Purification 
and properties of the raw-starch-degrading glucoamyiases from Cofitcium mtm, Appl 
Microbiol Blotechnol 50:323-330). The gene encoding the G2 form of this glucoamyiase was 
cloned and expressed in a bakers yeast hostceli, but the glucoamyiase G2 could only be 
produced in very poor yields (Nagasaka.Y. et al. {1995) Cloning of Corticium mlfsii 

25 glucoamyiase cDNA and its expression in $accbaromyc&$ cerw/s/se, Appl Microbiol 
Biotechnoi 44:451-458). 



SUMMARY OF THE INVENTION 

30 A problem to be solved by the present invention was how to provide a recombinant^ 

produced glucoamyiase of interest in commercially relevant yields. The present inventors have 
surprisingly found that the glucoamyiase of the Invention couid be expressed in a filamentous 
fungal host ceil, resulting in very high yields of the glucoamyiase. They also showed, that the 
use of this glucoamyiase when applied In the treatment of liquefied starch may result in a 

35 iseen high dextrose « - fTjroved 

and more economical process for the saccharification of liquefied starch. 
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Accordingly, in a first aspect the invention relates to a method of recombinantly 
producing a giucoamylase, said method comprising the step of expressing a polynucleotide 
encoding a poiypeptida having giucoamylase activity {E.G. 3,2.1.3} in a filamentous fungal host 
ceil, wherein the polypeptide comprises an amino add sequence which is at least 70% 
5 Identical, preferably at least 75%, or at least 80%, or at least 85%, or 80%, or at least 95%, or 
even at ieast 98% identical, to the sequence shown in positions 19 to 471 (both fed.) of SEQ 
ID NO: 2. 

A giucoamylase of AihaSa rolfsti, the amino acid sequence of which Is available as 
SFTREMBLQ125S6, is almost identical to the one shown In SEQ ID NO: 2, except for one 
10 amino acid residue in position 115 of SEQ ID MO: 2, which in the database sequence is a 
Serine, whereas in SEQ ID NO: 2 it is a Proline. The annotation of the database sequence 
identifies amino acid residues 1-18 as a signal peptide, and residues 19-579 as the mature 
s 472-482 serving as a linker 

i of 



The Invention aiso r 



9 activity (EC, 3.2.1.3) in a fi 
is selected from the group consisting of: (a) a polypeptide encoded by a polynucleotide which 
hybridizes under high stringency conditions with (i) the polynucleotide shown in positions 1 to 
20 2325 of SEQ ID NO:1, (li) the cDNA or Intron-free polynucleotide contained between 
nucleotides 1 to 2325 of SEQ ID NO:1, (iil) a subsequence of (!) or (il) of at least 100 
nucleotides, or (iv) a complementary strand of {(), («), or p); (b) a variant of a f 
having an amino acid sequence of SEQ ID NO;2, said variant < 
deletion, and/or insertion of one or more amino acids; and (c) a fragment of (a) or (b) that has 




n at feast 98% identical, to the sequence shown In positions 19 to 471 (both 
ioci.) of SEQ ID NO: 2, whereby a % dextrose {DX) value of at ieast 98% is achieved at 30% 
w/w (grtOOg dry matter) substrate concentration at 60°C, the DX value is determined as 
defined in Example 7 herein. 

Trie Invention also relates to a method for saccharifying liquefied starch, comprising 
the treatment of the liquefied starch with a polypeptide having giucoamylase activity {E.G. 
3.2.1.3), wherein the polypeptide is selected from the group consisting of: (a) a polypeptide 
encoded by a polynucleotide which hybridizes under high stringency conditions with <i) the 
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polynucleotide shown in positions 1 to 2325 of SEQ iD NO:1, (ii) the cDNA or h 
polynucleotide contained between nucleotides 1 to 2325 of SEQ ID N0:1, (§1) a subsequence 
of (I) or (ii) of at least 100 nucleotides, or (iv) a complementary strand of (I), (ii), or {lis}; (b) a 
of a polypeptide having an amino acid sequence of SEQ ID NO:2, said variant 
on, deletion, and/or Insertion of one or more amino acids; and (c) a 
of (a) or (b) that has glucoamyJase activity; whereby a % dextrose (DX) value of at 
least 96% is achieved at 30% w/w (g/100g dry matter) substrate concentration at 60°C, the OX 
value is determined as defined in Example 7 herein. 

in a third aspect, the invention relates to a filamentous fungal host celi comprising at 
10 ieast one copy of a polynucleotide encoding a polypeptide having glucoamylase activity (E.C. 
3.2.13), said polypeptide comprising an amino acid sequence which is at ieast 70% identical, 
75%, or at feast 80%, or at least 85%, or 90%, or at ieast 95%, or even at 
to the sequence shown in positions 19 to 471 (both inci.) of SEQ !D NO; 2. 
The invention also relates to a filamentous fungai host ceil comprising at least one 
15 copy of a polynucleotide encoding a polypeptide having glucoamylase actMty (E.G. 3.2.1.3), 
wherein the polypeptide is seiected from the group consisting of: (a) a polypeptide encoded by 
a polynucleotide which hybridizes under high stringency conditions with (i) the poiynucieotide 
shown in positions 1 to 2325 of SEQ ID NO;1, (ii) the cDNA or sntron-free polynucleotide 
contained between nucleotides 1 to £325 of SEQ ID NQ:1 , (iii) a subsequence of (i) or (ii) of at 
20 ieasi 100 nucleotides, or (iv) a complementary strand of (i), (ii), or (iii); (b> a variant of a 
polypeptide having an amino acid sequence of SEQ ID NO:2, said variant comprising a 
substitution, deletion, and/or insertion of one or more amino acids; and (c) a fragment of {a} or 
(b) thai has glucoamylase activity. 

in a forth aspect, the invention reiates to the use of a polypeptide having 
25 giucoamylase activity (E.G. 3.2,1.3) in a starch conversion process, in a continuous starch 

ethanoi for fuel or drinking ethanoi (portable alcohol), in a process for producing a beverage, in a 
fermentation process for producing organic compounds, such as citric acid, ascorbic acid, lysine, 
glutamic acid, or in detergents, in a process for producing specialty syrups, in the pre-treatment 

30 of starch for extrusion, in compost and biological waste treatment, in the purification of plant 
extracts for food additives, in cosmetics and pharmaceuticals, In the baking industry. In the 
production of pet food, wherein the polypeptide comprises an amino acid sequence which is at 
least 70% identical, preferably at least 75%, or at least 80%, or at least 86%, or 90%, or at 
least 95%, or even at least 98% identical, to the sequence shown in positions 19 to 471 {both 

35 inci.) of SEQ iD NO: 2. 
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DEFINITIONS 

The term "giucoamyiase activity* is defined herein as a glucan 1,4-aiprsa-glucosfdasa 
which hydropses the terminal 1,4-linked aipha-D-giucose residues successively from non- 
reducing ends of the chains with release of beta-£-giuoose belonging to the Enzyme Class EC 
5 3,2,1.3. For purposes of the present invention, giucoamyiase activity is determined according 
to the procedure described by Fagershom and Kalkkinen, 1995, Bbtechnof, Appl Bhch&nx 
21: 223-231, where the glucose produced by the giucoamyiase from 0.1 M maitolriose is 
measured using a GO glucose oxidase assay kit (Sigma Chemical Co., St Louis, MO) at pH 4, 
25*C. One unit of giucoamyiase activity is defined as 1.0 pmoie of glucose produced par 
10 minute at 25°C,pH 4. 



DETAILED DESCRIPTION OF THE INVENTION 

In a first embodiment, the present invention relates to a method of recombinant 

15 producing a giucoamyiase, said method comprising the step of expressing a polynucleotide 
encoding a polypeptide having giucoamyiase activity (E.C. 3.2. 1.3) In a filamentous fungal host 
cell, wherein the polypeptide comprises an amino acid sequence which is at least 70% 
identical, preferably at least 75%, or at ieast 80%, or at least 85%, or 90%, or at least 98%, or 
even at least 98% identical, to the sequence shown in positions 19 to 471 (both inol) of SEQ 

20 ID NO: 2 (?,©., the mature polypeptide), at least about 78%, preferably at least about 80%, 
mom preferably at least about 85%, even more preferably at least about 90%, most preferably 
at least about 95%, and even most preferably at least about 97% identical to the sequence 
Shown In positions 19 to 471 (both inch) of SEQ ID NO; 2. The polypeptides are hereinafter 
termed "homologous polypeptides". In a preferred embodiment, the homologous polypeptides 

25 have an amino acid sequence which differs by five amino adds, preferably by four amino 
acids, more preferably by three amino acids, even more preferably by two amino acids, and 
most preferably by one amino acid from amino acids 19 to 471 of SEQ ID NO:2, For purposes 
of the present invention, the degree of identity between two amino acid sequences is 
determined by the ClusiaiW method ( Hlgglns, 1 989, CABIOS 5: 1 51-153; Thompson etal, 

30 1994, NuGtw's Adds Research 22; 4673-4680; Thompson et ah, 1997, Nmteic Acids R&searcf} 
25; 4876-4882) using the LASERGENE™ MEGALIGN™ software (DNASTAR, Inc, Madison, 
Wl) with a blosum weight matrix and gap extension penalty of 0.03 to 0.05 and the following 
multiple alignment parameters; Gap penalty of 10 and gap length penally of 10. Pairwise 
alignment parameters were Ktuple^l, gap penaify*3, wsndows-5, and diagonals^. 

35 Preferably, the polypeptides of the present Invention comprise the amino acid 

sequence of SEQ ID NO:2 or an allelic variant thereof; or a frag < f t sal has 

giucoamyiase activity. In a more preferred embodiment, the polypeptide of the present 
4 



of SEQ ID NO:2. In another preferred 
s 19 to 471 of SEQ 

: - or a fragment thereof that has glucoamyiase activity. In 
;, the polypeptide consists of amino acids 19 to 471 of SEQ ID 
s glucoamyiase activity; In 
3 of the present invention consists of fi 
j of SEQ ID NO;2 or an alteiic variant thereof; or a f 

* of SEQ ID NO:2 is a polypeptide having one or t 
s of this amino 

5 at least 400 amino acid residues, more preferably at least A 
residues, and most preferably at least 450 amino acid residues. 

An "aitelic variant" denotes any of two or more alternative forms of a gene occupying 




It in 



n be silent (no 



in the 



allelic variant of a polypeptide is a polypeptide encoded by an allelic variant of a g 

producing a giucoamylase, said method comprising {he step of € 
20 encoding a polypeptide having glucoamyiase activity (E.G. 3.2.1 .3) in a fi 

cell, wherein the polypeptide is seiected from the group consisting of: (a) a polypeptide 




25 preferably very h igh s tringency c ondttfons w ith (i) t he p 

2325 of SEQ ID NO:1, (is) the cDNA or intron-free polynucleotide < 
nucleotides 1 to 2325 of SEQ ID NQ:1, {ill) a subsequence of (I) or (ii) of at least 100 
, or (iv) a complementary strand of (i), (ii), or (iii); (b) a variant of a polypeptide 
d sequence of SEQ ID NO:2, said variant comprising a substitution, 
30 deletion, and/or insertion of one or more amino acids; and (c) a fragment of {a) or (b) that has 
glucoamyiase activity (J, Sambrook, E.F. Friiscb, and T. Maniatus, 1989, Molecular Cloning, A 
laboratory Manual, 2d edition, Cold Spring Harbor, New York). The subsequence of SEQ ID 
NO;1 may be at least 100 nucleotides or preferably at least 200 nucleotides. Moreover, the 
subsequence may encode a pol eptsde fra< enJ hid j 5 oam s« 1 '*\tty. The 
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The nucleic acid 



acid probe to 



ca of SEQ ID NO:1 or 
ofSEQ ID NO:2ora 
3 nd clone DNA 
tera or species according to 



welt known in the art. In particular, 
or cDNA of the genus or s 
in order to it 




sequence, but should be at least 15, preferably at least 25, 
nucleotides in length. Longer probes can also be used. Both DNA and 
10 used. The probes are typically labeled for 

S2 P, 3 H, ""S, blotln, or avkiin}. Such probes are encompassed by 

Thus, a genomic DNA or cDNA library prepared from such other orga i s 
screened for DNA which hybridizes with the probes described above and which encodes a 
polypeptide having glucoamyiaso activity, Genomic or other DNA from such other organisms 
15 may foe separated by agarose or polyacrylamtde gel electrophoresis, or other separation 
techniques. DNA from the libraries or the .separated DNA may be transferred to and 
immobilized on nitrocellulose or other suitable carrier material. In order to 
DNA which is homologous with SEQ ID NO:1 or a 
used In a Southern blot For purposes of 
20 nucleic acid sequence hybridizes to a labeled nucleic acid probe corresponding to 
add sequence shown in. SEQ ID NO-.1, its complementary strand, or 
undar very low to very high stringency conditions. Molecules to which the 
;ions are detected using X-ray film, 
in a preferred embodiment, the nucleic acid probe is a nucleic ad 
s of SEQ ID NO:2, or a subsequence thereof. In 
; acid probe is SEQ ID NO;1. In another 
nucleic acid probe is the mature polypeptide coding region of SEQ ID N0:1 . 

For iong probes of at least 100 nucleotides in length, very low to very high stringency 
conditions are defined as prehybridization and hybridization at 4TC in 5X SSPE, 0.3% SDS, 
30 200 s-tg-'Vnl sheared and denatured salmon sperm DNA, and either 25% formamide for very low 

formamide for high and very high 



For long probes of at least 100 nucleotides in length, the carrier material is finally 
m times each for 15 minutes using 2 x SSC, 0,2% SDS preferably at least at 45'C 
{very i ow s tringency), m ore p referably a t \ east at 5 0 e C { low s tdngency), m ore p referably a t 
least at S5*C (medium stringency), more preferably at least at 60°C (medium-high stringency). 
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even more preferably at least at 65*C {high stringency), and most preferably at least at /Crc 
(vary high stringency). 

For short probes which are about 15 nucleotides to about 70 nucleotides in » 



5 hybridization at about 5°C to about 10X below the calculated T m using the calculation 
according to Bolton and McCarthy (1962, Proceedings of th& National Ac&d&iYty of Sci&nces 
USA 48:1390} in 0.9 M NaCI, 0.09 M Tris-HCJ pH 7.6, 6 mM EDTA, 0,5% NP-40, IX 
Denhardfs solution, 1 mM sodium pyrophosphate, 1 mM sodium monobasic phosphate, 0.1 
mM ATP, and 0.2 rng of yeast RNA per ml following standard Southern blotting procedures. 
10 For short probes which are about 15 nucleotides to about 70 nucleotides In length, the 

carrier materia! is washed once in 6X SCC plus 0.1% SDS for 15 minutes and twice each for 
15 minutes using 6X SSC at 5 e C to 10 e C below the calculated T m . 
In a preferred embodiment, the polypeptide having giucoamyiase activity of t 

15 comprises an amino acid sequence which is at ieast 50% identical to the sequence shown in 
positions 483 to 579 {both inci.) of SEQ ID NO: 2. 



polypeptide of at least 2 amino acids, it may also be preferred, that 1 
20 a signal peptide, for instance it may be preferred that the signal peptide comprises an amino 
acid sequence which is at ieast 95% identical to the sequence shown in positions 1 to 18 (both 
inci.) of SEQ ID NO: 2. 

in a preferred embodiment, the present invention relates to variants of the polypeptide 
having an amino acid s&qumce of SEQ ID NO:2 comprising a substitution, deletion, andhr 

The amino acid sequences of the variant polypeptides may differ from the amino acid 
sequence of SEQ ID isiO:2 or the mature polypeptide thereof by an insertion or deletion of one 
titution of one or more amino acid residues by 
lino acid changes are of a minor nature, that is 
30 conservative amino acid substitutions that do not significantly affect the folding and/or activity 
of the protein; small deletions, typically of one to about 30 amino acids; small amino- or 



peptide of up to about 20-25 
changing 
35 ' a binding 



valine), 

{glycine, alanine, serine, threonine and methionine), 
generally alter the specific activity are known in the art and are described, for example, by H. 
5 Neurath and R.L Hill, 1979, In, Th& Proteins, Academic Press, New York. The most 
commonly occurring exchanges are Afa/Ser, Val/ite, Asp/Glu, Thr/Ser. Aia/Giy, Ala/Thr, 

, Ala/Yai, Ser/Gfy, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/He, Leu/Val, 
Asp/Giyaswell as these in 

In another embodiment, the present invention relates to 
10 immunochemical identity or partial immunochemical identity to the polypeptide 
b of SEQ ID NO:2 or the mature polypeptide thereof. The 

i by immunological cross-reaction identity tests by the 




The antibody may also be a 

3 to the methods of E. Harlow and D. Lane, 
?, A Laboratory Manual, Cold Spring Harbor Press. Cold Spring Harbor, 
The polypeptides of the present invention have at least 20%. preferably at 
more p referabiy a i I east e 0% , e ven m ore p referabiy a 1 1 east 8 0%, e ven 
'east 90%, and most preferably at least 100% of the glucoamylase activity of 
polypeptide ofSEQIDNO:2. 



=140%, 
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V(T'l)K2rmnnnm k 



, TNelavia minute, Thielavm odospora, 



5 or TMe/av/s W8r&ingli polypeptide, 

fn a more preferred embodiment, the polypeptide is a Athel® mm polypeptide, e«g„ 
the polypeptide with the amino acid sequence of SEQ ID NO:2. 

it will be understood that for the aforementioned species, the invention encompasses 
both the perfect and imperfect states, and other taxonomic equivalents, e.g., anamorphs, 
10 regardless of the species name by which they are known. Those skilled in the art will readily 
recognize the identify of appropriate equivalents. For example, taxonomic equivalents of 
Thfdavm are defined by Morgan-Jones, 1974, Canadian Journal of Botany 52: 426-431; and 
Glenn er ai„ 1996, Mycologia 88; 369-38. For instance, the imperfect form of TNelavia 
temstris is known as Acremonfum alabamense. 
IS Strains of these species are readily accessible to the public in a number of culture 



such as the American Type Culture Collection (ATCC), Deutsche i 



(CBS). 



n Center (NRRL), 



II known in the art* The nucleic acid sequence may then be derived by similarly 
c or cDNA library of another microorganism. Once a nucleic acid sequence 
25 polypeptide has been detected with the probe{s), the sequence may be isolated c 
utilizing techniques which are known to those of ordinary skill in the art (see, e.g., S 
&L, 1089, supra). 

As defined herein, an Isolated" polypeptide is a polypeptide which is 
of other non-glucoamylase polypeptides, e.g., at least about 20% pure, preferably at least 
30 about 40% pure, more preferably about 80% pure, even more preferably about 80% pure, 

art 95% pure, as determined by 



i by nucleic acid sequences of the present invention also include 
fused polypeptides or cleavable fusion polypeptides in which another polypeptide is fused at 
35 the N-t€ msnu or ti C-ten of the polypeptide or fragment thereof. Afus 
is produced by fusing a nucleic acid sequence {or a portion thereof) erx 
to a nucleic acid sequence {or a portion thereof) of the pre 



WO ?*HU ! JHIH 



Techniques for producing fusion polypeptides are known in the art, and include ligating the 
ling \ t ;es en N ' e po ,j f~ r d sc ti at he> .s 1 n ram© and that expression of 
the fused polypeptide is under control of the same promoters) and terminator. 



The present invention aiso relates to k 
which encode a polypeptide of the present invention, in a f 
acid sequence is set forth in SEQ ID NO:1. in another p 
sequence is the mature polypeptide coding region of SEQ ID NO:1. The present invention also 



sequence of SEQ ID NO:2 or the mature polypeptide thereof, which differ from SEQ ID NC;1 
by virtue of the degeneracy of the genetic code. The present invention also relates to 
subsequences of SEQ ID NO:1 which encode fragments of SEQ ID NG:2 that have 



IS A subsequence of SEQ ID NO:1 is a nucleic acid sequence encompassed by SEQ ID 

NQ;1 except that one or more nucleotides from the 5' and/or 3' end have been deleted. 

nucleotides, and most preferably at least 1737 nucleotides. 

The present invention aiso relates to mutant nucleic acid se 
20 one mutation in the mature polypeptide coding sequence of SEQ ID NO: 1 , in which the mutant 
i sequence encodes a polypeptide which consists of amino acids 19 to 471 of SEQ 



The techniques used to isoiate or done a nucleic add se 
polypeptide are known in the art and include isolation from genomic DMA, 1 
25 cDMA, or a combination thereof. The cloning of the nucleic add sequences of the f 

invention from such genomic DNA can be effected, e.g., by using the weli known polymerase 
i (PGR) or antibody screening of expression libraries to detect cloned DNA 
1 shared structural features. See, e.g., Innis ei a/., 1990, PCR: A Guide to 
Methods and Apphcetion, Academic Press, New York. Other nucleic acid amplification 
30 procedures such as hgase chain reaction (LCR), ligated activated transcription (LAT) and 
fiudeic acid sequence-based amplification (NASBA) may be used. The nucleic add sequence 
may fx* < n j av/a, Ath&tis, or another or related organism and thus, for 

example, may be an allelic or species variant of the polypeptide encoding region of ti 



' as used herein refers to a nucleic * 



The te 

sequence which is essentially free of other nucleic acid sequences, e.g., at least about 20% 
pure, preferably a, L - en more 
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. For example, an isolated nucleic ackf s 
3 in genetic e g n- 3 ing to '"eioca 
! location to a different site where it will be reproduced. The 
t of a desired nucleic t 
ertlon of the 

1 of the recombinant vector Into a host cell where 
s of the nucleic add sequence will be replicated. The nucleic acid s 
may be of genomic, cDNA, RNA, semisynthetic, synthetic origin, or any combi 
10 The preseni invention also relates to nucleic acid sequences which have a degree of 

5 of SEQ ID NO:1 of at least about 75%, 



preferably about 80%, preferably about 85%, more 
preferably about 95%, and most preferably about 97% identity, and which encode an active 
giecoamylase polypeptide, For the purposes of the present invention, the degree of h 
1 5 between two nucleic add sequences is determined by the VV 

, 1983, Proceedings of the National Academy of Science USA 80; 728-730} using the 
iware (DNASTAR, Inc., Madison, Wl) with an Identity table 
» alignment parameters: Gap penalty of 10 and gap length penalty of 

10, 



20 Modification of a nudeic add sequence encoding a polypeptide of the present 

invention may be necessary for the synthesis of polypeptides substantially similar to the 
polypeptide. The term "substantially similar* to the polypeptide refers to non-naturally occurring 
forms of the polypeptide. These polypeptides may differ in some engineered way from the 
polypeptide isolated from its native source, e.g., variants that differ in specific activity, 

25 thermostability, pH optimum, or the like. The variant sequence may be constructed on the 
basis of the nucieic add sequence presented as the polypeptide encoding part of SEQ ID 
NO;1, e,g<, a subsequence thereof, and/or by introduction of nucleotide substitutions which do 
not give rise to another amino add sequence of the polypeptide encoded by fj 
sequence, but which correspond to the codon usage of the host organise 

30 production of the enzyme, or by introduction of nucleotide substitutions which may give rise to 
a d liferent a mino a dd s equence. F or a general d escription 0 f n ucleotide s ubstitulon, s ee, 
e.g. , Ford et al, 1 991 , Protein Expression and Purification 2: 95-1 07. 

it will be apparent to those skilled in the art that such substitutions can be made 
outside the regions critical to the function of the molecule and stlli result in an active 

35 polypeptide. Amino add residues essential to the activity of the polypeptide encoded by the 
Isolated nudeic acid sequence of the invention, and therefore preferably not subject to 
substitution, may be identified according to procedures known is; the art. such as site-directed 
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305-312; Smith eta/., 1992, 
FEES Letters 309: 59-64). 
10 The 

polypeptide of the 



e.g., de Vos ef a/., 1992, Sc/ence 255: 
224: 899-904; Wlodaver el a/„ 1992, 




3ds for Producing Mutant Nucleic Acid Sequences 

The present invention further relates to methods for producing a mats 

, comprising introducing at least one m utation into the m ature polypeptide coding 
: of SEQ iO NO:1 or a subsequence {hereof, wherein the mutant nucleic acid 
b encodes a polypeptide which consists of amino acids 19 to 471 of SEQ ID hJO:2 or a 



any of the methods known in the art. Particularly useful is the procedure which t 
, double stranded DNA vector with an insert of interest and two synthetic 
t. The oligonucleotide primers, each complementary to o 
s of the vector, extend during temperature cycling by means of Pfu DNA p 

s cycling, the product is treated with Dpn\ which is specific for methylated 

A DNA. Other procedures known In the art may aiso be used. 




13 



The present >i t \ aisc s tonicize a 
sequence of the present invention operabiy Jinked to one or more control s 
direct the expression of the coding sequence in a suitable host ceil t 
5 compatible with the control sequences. Expression will be understood to i 

Involved In the production of the polypeptide including, but not limited to, transcription, p 



double-stranded, which is isolated from a 

10 to contain segments of nucleic acid combined and juxtaposed in a manner that v 
otherwise exist in nature. The term nucieic acid construct is synonymous with 
expression cassette when the nucieic acid construct contains ail the control s< 
required for expression of a coding sequence of the present invention. The tern 
sequence* is defined herein as a nucieic acid sequence which directly specifies the ai 

15 sequence of its protein product The boundaries of a genomic coding sequence are 
determined by a ribesome binding site (prokaryotes) or by the ATG start codon 
located just upstream of the open reading frame at the 5 1 end of the mRNA and a 

mRNA. A coding sequence can include, but is not limited to, DfMA, cDNA, and re 
20 nucleic add sequences. 

An i solated n udeto a cid s equence e needing a polypeptide of the p resan 
may be manipulated in a variety of ways to provide for expression of the 
i of the nucieic acid sequence prior to its Insertion into a vector may 

tees utilizing recombinant DMA methods are welt known in the art. 
The term "control sequences'' is defined herein to include ail c 
oantageous for the expression of a polypeptide of 
» may be na«v« or foreign to the nucleic acid s 
polypeptide. Such control sequences include, but are not limited to, a 



■. A t a 

ia! stop signals. The control sequences may be provided with linkers for the 
n of the nu 

35 is defined herein as a configuration in which a control sequence is 

position relative to the coding sequence of the DNA sequence such that the control 
of a 



s appropriately placed at a 
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The control sequence may be an 
tee which is recognized by a host ceil for 



The 

activity in the host eel! of choice including 



> for directing the 
i 0 from the genes for Aspergillus oryzae TAKA amylase, Rhizomucor 



Aspergillus nig®? or Aspergillus awamorl giucoamylase 



15 96/00787), as well as the NA2-tpi promoter (a hybrid of the f 



The te 



The control sequence may also he a suitat 

20 operably linked to the 3 ; terminus of the nucleic acid s 

terminator which is functional in the host cell of choice may be used in the p 
sforfi 

TAKA 2 



(WO 



is 
Any 




25 like 

The control sequence may also be a 
of an mRNA which is important for translation by the host cell. The tec 
operabfy linked to the 5' terminus of the nucleic acid sequence encoding me 
leader sequence that is functional in the host celi of choice may be used in the 
30 invention, 

Preferred leaders for 
Aspergillus oryzae TAKA amyk 
The control sequence 
linked to the 3' terminus of 
35 recognized by the host ceil as a signal to add polyadenosine residues to iranscri! 

ch is functional in the host cell of choice msy be 



» is 
Any 



15 



filamentous fungal host cells are obtained 
for Aspergillus oryme TAKA amylase, Aspergillus nlger giucoamyiase, 
riutn oxysporum trypsin-fike protease, and 



The control sequence may also be a signal peptide coding region that codes for an 
amino add sequence linked to tie amino terminus of a polypeptide and directs the encoded 
polypeptide into the cell's secretory pathway. The 5' end of the coding sequence of the nucleic 
a signal peptide coding region naturally linked in 
t of the coding region which ? 
10 polypeptide. Alternatively, the 5' end of the coding sequence may con 
coding region which is foreign to the coding sequence. Tf 

snce does not 



15 any signal peptide coding region which directs the expressed polypeptide into the secretory 
pathway of a host cell of choice may be used in the present invention. 

3 signal peptide coding regions for filamentous fungal host cells are the signal 
, for Aspergillus otyzae TAKA amylase, 



20 

in a preferred embodiment, the signai peptide coding region Is nucleotides 1 to 54 of 
SEQ ID NO:1 which encode amino acids 1 to 18 of SEQ ID NG:2; preferably the signal peptide 
comprises an amino acid sequence which is at least 95% identical Jo the sequence shown in 
positions 1 to 1 8 {both ind.) of SEQ ID NO: 2. 
25 The control sequence may also be a propeptide coding region that codes for an amino 

lino terminus of a polypeptide. The resultant polypeptide is 
3 or propoiypepfide {or a zymogen in some cases), A propoiypepfide is 
and can be converted to a mature active polypeptide by catalytic or 
a of the propeptide from the prcpolypeptide. The propeptide coding region 
30 may be obtained from the genes for Bacillus subtifis alkaline protease (apr£) t Bacillus suMfe 
* (nprT), SaccharomycQS cemvisias alpha-factor, Rhl: 
rmophila laccase (WO 95/33836). 



of a polypeptide, the propeptide region is positioned next to the amino 
35 polypeptide and the signal peptide region is positioned next to the amino f 
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it may also be desirable to add regulatory sequences which allow the regulation of the 
expression of the polypeptide relative to the growth of the host cell Examples of regulatory 
systems are those which cause the expression of the gene to be turned on or off in response 
to a chemical or physical stimulus, including me presence of a regulatory compound, 
5 Regulatory systems in filamentous fungi are the TAKA aipha-amylase promoter, Aspergillus 




The present invention also relates to nucleic add constructs for altering the 
iioo of an endogenous gene encoding a polypeptide of the present invention* The 
jr of components necessary for altering expression 
1 5 of the endogenous gene. En one embodiment, the nucleic acid constructs preferably contain (a) 
a targeting sequence, (b) a regulatory sequence, (c) an exon, and (d) a splice-donor site. 
Upon introduction of the nucleic acid construct into a cell, the construct inserts by homologous 
3 at the endogenous gene site. The targeting sequence 
r> of elements (a)-(d) Into the endogenous gene such that elements (bHd) 
20 are operably linked to the endogenous gene, in another embodiment, the nucleic acid 

r site, (e) an intron, and (f) a splice-acceptor site, wherein the targeting sequence 
i of elements (aHO such that elements {b>(f) are operably linked to the 
constructs may contain additional components such as a 

in both embodiments, the introduction of these components results in production of a 
new transcription unit in which expression of the endogenous gene is altered. In essence, the 

constructs and the endogenous gene. In one embodiment in which the endogenous gene is 
30 altered, the gene is activated, in this embodiment, homologous recombination is used to 



gene of a parent celt through the insertion of a n 
be expressed at higher levels than evident in the corresponding parent cell The activated 
gene can be further amplified by the Inclusion of an ampiifiabl© selectable marker gene in the 
35 construct using methods well known in the art (see, for example, U.S. Patent No, 5,641 ,670). 
In another embodiment in which the endogenous gene Is altered, expression of the gene is 
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The targeting sequence can be within the endogenous gene, Immediately adjacent to 
the gene, within an upstream sens, or upstream of and at a distance from the endogenous 
gene. One or more targeting sequences can be used. For example, a circular plasmid or DNA 
fragment preferably employs a single targeting sequence, while a iinear plasmid or DNA 
5 fragment preferably employs two targeting sequences. 

of the construct can be comprised of one or more 




of the endogenous gene. An axon is 
defined as a DNA sequence which is copied Into RNA and is present in a matt 

gene. The exons can, optionally, contain DNA which encodes one or more amino adds and/or 

dm DNA which corresponds to a 



5 1 

15 and/or a portion of an amino acid, the nucleic acid construct is designed such that, upon 
transcription and splicing, the reading frame is in-frame with the coding region of the 
s gene so that the appropriate reading frame of the portion of the mRNA derived 



The splice-donor site of the constructs directs the splicing of one exon to another 
20 exon. Typically, the first exon iies 5' of the second exon, and the spllce-doaor site overlapping 
and flanking the first exon on its S side recognizes a splice-acceptor site flanking the second 
exon on the 5' side of the second exon. A splice-acceptor site, like a splice-donor site, is a 
3 the splicing of one exon to another exon. Acting in conjunction with a 
yg apparatus uses a spiice-accepfor site to effect the removal of an 
25 intron. 



may Include one or more convenient 



acid sequence of the present invention, a pro! 
stop signals. The various nucleic acid and control 

th0 pofyp0ptici€* st sucfi s!t&$> 



35 t uprising the s 



vector for expn 
is located in the vector so that ti 
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The recombinant expression vector may be any vector {e.g., a piasmld or virus) which 
conveniently subjected to recombinant DNA procedures and can bring about the 
sion of the nucleic acid sequence. The choice of the vector will typically depend on the 
ability of the vector with the host ceil into which the vector is to be introduced. The 



s may be linear or dosed circular p 

iicating vector, i.e., a vector which exists as an 
i of which is independent of chromosomal replicators. 

chromosome. The vector may contain any means for assuring seif-repiicaSon. Alternatively, 
the vector may be one which, when introduced into the host ceil, is integrated into the genome 
and replicated together with the chromosome(s) into which it has been integrated. 
Furthermore, a single vector or piasmid or two or more vectors or plasmids which together 
contain the total DNA to be introduced into the genome of the host cell, or a transposon may 




The vectors of the present invention preferably contain an < 
i of the vector into the host cell's genome or autonomous replication of the vector in 

For integration into the host ceil genome, the vector may rely on the nucleic acid 
sequence encoding the polypeptide or any other element of the vector for integration of the 
30 vector into the genome by homologous or nonhomologous recombination, 

vector may contain additional nucleic acid sequences for directing integration by f 

the vector to be integrated into the host ceil genome at a precise locations) in the 
chromosome**). To Increase the likelihood of integration at a precise location, the inlegrational 
35 elements should preferably contain a sufficient number of nucleic acids, such as 100 to 1 0,000 
base pairs, preferably 400 to 10,000 base pairs, and most preferably 800 to 10,000 base pairs, 
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probability ofh omologous recombination. The i nfegrationai e iemsnts may be any sequence 
thai is homologous with the target sequence in the genome of the host cell. Furthermore, the 
integrations! elements may be non-encoding or encoding nucleic acid sequences. On the other 
hand, the vector may be integrated into the genome of the host ceii by r 



* in the copy 



* an origin of r< 

r to replicate autonomously in the host cell in question. The Arnat-sequence 
is suitable in filamentous fungal host ceils. 

More than one copy of a nucleic acid sequence of the \ 
1 0 inserted into the host ceil to increase production of the gene p 
number of the nucleic acid sequence can be obtained by is 
copy of the sequence into the host ceil genome or by i 
marker gene with the nucleic acid sequence where cells containing amplified copies of the 
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cted for by cultivating the celis In the 
The procedures used to ligat 

s, e.g., SambrooK el a/., 1989, supra). 



a of the 




3 in the recombinant production of ti 
? of the present invention is ir 
25 as a c hromosoma! i ntegrant o r a s a s 

earlier. The term "host cell" encompasses any progeny of a parent cell that is not identical to 
the parent cell due to mutations that occur during replication. The choice of a host ceii will to a 
iarge extent depend upon the gene encoding the polypeptide and its source. 

In a preferred embodiment, the host ceii is a fungat ceii. "Fungi* as used herein 
30 includes the phyla Ascomycota, Basidiomycota, Chytridiomycota, and Zygomycota (as defined 
by Hawksworth ct at, in, Asmworth and 8/sb/s Dictionary of The Fungi, 8th edition, 1985, 
CAB Internationa!, University Press, Cambridge, UK) as well as the Oomycota (as cited in 
Hawksworth el a/., 1995, sup/a, page 171) and all mitosporic fungi (Hawksworth et a/„ 1995, 



another more preferred embodiment, the fungaf host ceii Is 
imentous fungi" include all filamentous forms of ti 
(as defined by Hawksworth ef a/„ 1995, supra). The 
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30 



The present invention also relates to methods of recombinant producing the 
gfucoarnylase, said method comprising the step of expressing a polynucleotide encoding a 
35 polypeptide having giucoamyfase activity <E.C. 3.2.1.3) in a filamentous fungal host ceil, and 
further comprising (a) cultivating a host cell under conditions conducive for production of the 
polypeptide; and (b) recovering the polypeptide. 
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The present invention also relates to methods for producing a polypeptide of the 



having at least one mutation in the mature polypeptide coding region of SEQ !D NO:1, wherein 
5 the mutant nucleic acid sequence encodes a polypeptide which consists of amino acids 1 9 to 
471 of SEQ ID NO:2 ( and (b) recovering the polypeptide. 

The present invention further relates to methods for producing a polypeptide of the 
present invention comprising (a) cultivating a homoiogously recombinant cell, having 
incorporated therein a new transcription unit comprising a regulatory sequence, m exon, 
10 and/or a spiice donor site operabiy linked to a second exon of an endogenous nucleic acid 
sequence encoding the polypeptide) under conditions conducive for production of the 
j • 1 pa 5t ie; and (b) recovering tne polypeptide. The methods are based on the use of gene 
activation technology, for example, as described in U.S. Patent No. 5,641,670. 

In the production methods of the present invention, the ceils are cultivated in a 
1 5 nutrient medium suitable for production of the polypeptide using methods known In the art. For 
bys 
bate* 
in a 



polypeptide to be 



Collection). If the polypeptide is s 



place in a suitable 
s, using procedures 
or may be 

i, the 



If the polypeptide is not secreted, it can be recovered 



s known in the art that are specific for 



The polypeptides may be detected using 

an enzyme product, or disappearance of an enzyme substrate. For examp 
assay may be used to determine the activity of the polypeptide as described hen 
30 The resulting polypeptide may be purified or recovered by methods 

and/or recovery known in the art. For example, the polypeptide may be race 
nutrient medium by conventional procedures including, but not limited to, 



The polypeptides of the present invention may be purified by a \ 
35 known in the art including, but not Kmfted to, c 
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SDS-PAGE.orex 
VCH Publishers, New York, 1989). 



(see, e.g.. Protein Purification, J.-C, Janson and tars Ryden. editors, 



5 The present invention is also directed to methods for using the polypeptides having 

giucoa nytase activity i i < ~> ides may be used in starch conversion processes, 
t in the production of dextrose and fructose syrups {U.S. Patent 3,912,890} and in 
t of starch for extrusion such as for rice and wheat noodles, in production of 
beer with tow carbohydrate content (Manners, The Br&wors Digest, Dec. 1974, 58), alcohol 
10 from fermentation of raw starch {DE 3638529 C), and in production of wine according to 
? in the art. The glucoamylase of tl 




treatment, in purification of plant extracts for food e 

15 the baking industry, including bread and cake production, in a process for 

oligosaccharides, in a process for producing ethano! for fuei or drinking ethano! (portable alcohol), 
in a process for producing a beverage, in a fermentation process for producing organic 
compounds, such as citric acid, ascorbic acid, lysine, glutamic acid, in a process for producing 
specialty syrups, and In the production of petfood. 

20 The glucoamyiase variants of the i nventior * may also be used in immobilised form. 

This is suitable and often used for producing special 



The process of the invention may in one embodiment be an ethano! 



comprising the below steps, wherein phyiase activity is added during pre-saccharification 
and/or fermentation. It is to be understood that the glucoamyiase according to the invention 
30 may be added during the propagation of yeast cells and/or later on during the actual 
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in one embodiment the (whole) grain is milted in order to open up the structure and 
showing for further processing, I wo processes ere preferred according to the invention; wet 
5 and dry milling. Preferred for sthanoi production is dry milling where the whole kernel Is milled 
end used in the remaining part of the process. Wet milling may also be used and gives a good 
! of germ and mea! (starch granules and protein) and is with a few exceptions 
i at locations where there is a parallel production of syrups. Both dry and wet milling is 
well known in the art of, e.g., elhanol production. 



In an embodiment of the liquefaction step of the invention, milled gelatinized whole 
raw material is broken down (hydrolyzed) Into maltodextrins (dexthns) mostly of a DE 
4. The hydrolysis may be carried out by acid treatment or enzymatically by alpha, 
atment, in particular, with a Bacillus aipha-amylase as will be described further 
is used on a limited basis. The raw materia! is in one embodiment of the 
*, a side stream from starch processing may also be 



In an embodiment of the invention, enzymatic liquefaction is earned out as a three- 
20 step hot slurry process, The slurry is heated to between 60-95X, preferably 80-85X, and the 
enzymeO) Is(are) added to Initiate liquefaction (thinning), preferably at least an alpha-amyiase 
is added Then the slurry is jet-cooked at a temperature between 95-1 40*C, preferably 105- 
125*C to complete gelanltization of the slurry. Then the slurry is cooled to 60-9SX and more 
enzyme{s} is (are) added to finalize hydrolysis (secondary liquefaction). The I 

s Is carried out at pH 4.5-6.5, in particular at a pH between 5 and 6. Willed and li 




> (BSG). Other Ter 

from a strain of the Bacillus sp. NCI8 12288, NCIB 12512, NCIB 12513 or D3M 9375, all of 
35 which are described in detail in WO 95/26397, and the alpha-amyiase described by Tsukamcto 
et si. Biochemical and Biophysical Research Communications, 151 (1988), pp. 25-31. in the 
t of the present invention, a Terrnamyl-hke alpha-amyiase is an i 
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defined in WO 99/19467 on page 3, line 18 to page 8, Sine 27, Contemplated variants and 
hybrids are described in WO 98/23874, WO 97/41213, and WO 99/19467. Contemplated 
n a strain of/ 



s include TERMAMYL™ SO, FUNGAMYL™, UQUOZYME™ and SAN™ SUPER. 
Fungal aipha-amyiases may be added In an amount of 0.001-1.0 AFAU/g DS, 
preferably from 0.002-0.5 AFAU/g DS, preferably 0.02-0.1 AFAU/g DS, 
BaciHus alpha-amylases may be added in effective amounts well known to the person skilled in 
the art. 



To produce low molecular sugars DP^ that can be metabolized by yeast, the 
must be further hydroiyzed. The hydrolysis is typically done 

step may last up to 72 hours, however, it Is common only to do 
of typicaliy 40-90 minutes and then complete saccharification during 
typically carried out at temperatures from 30-65 
C. typically around 80 degrees C, and at pH 4,5. 



s spp. is to the mash and the fermentation 
Is ongoing for 24-96 hours, such as typically 35-60 hours. The temperature is between 26-34 
degrees C, In particular about 320C, and the pH is from pH 3-8, preferably around pH 4-5. 
Note that the most widely used process is a < 
26 fermentation (SSF) process where there is no h 



dr> as the yeast, and 
doing SSF it is common to introduce a pre-saccharifscafion step at a 
degrees C, just prior to the fermentation. 

Addition of proteases) incnsasefs) the FAN (Free ai 
30 the rate of metabolism of the yeast and further gives higher 



pH 7.: 



by the a 



35 Tomfcpsis. Mow preferred are proteases derived from Aspergillus niger (see, e.g... Koaze et 
a/., {1964}, Agr. Biol. Chem. Japan, 28, 216). Aspergillus sartoi (see. e.g., Yoshida, {1954} J, 
Agt: Chem, Sec. Japan, 23, 6 6), A speiyiiius a wamori ( Hayashida eta!., (1977) Agric. Biol. 
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Chem. s 42(5), 927-933, Aspergittus aauteatus (WO 96/02044), or Aspergillus oryme; and 
acidic proteases from Mucor pusfflm or Mfcor miehei. Bacterial proteases, which are not 
acidic proteases, include the comrnerciaiiy ava8abie products Alealase® and Neutrase€> 
(available from Novozymes A^S). Protease{s) may in one embodiment be added in an amount 
5 of 10~ 7 to Iff 45 gram active protease proteirvg DS, in particular 10~ 7 to 5x1 G 45 gram active 
protease protein/g DS. 

Distillation 

Optionally following the fermentation, the mash may be distilled to extract, for 
10 instance, the ethanol. In the case where the end product is ethanof, obtained according to the 
process of the invention, it may be used as, e.g., fuel ethanol; drinking ethanol, such as, 
potable neutral spirits; or industrial ethanol. 

Stanch Conversion 

15 The present Invention provides a method of using giucoamylase of the invention for 

producing glucose and the like from starch. Generally, the method includes the steps of partially 
hydroiyzing precursor starch in the presence of a-amylase and then further hydroiyzing the 
release of D-glucose from the non-reducing ends of the starch or related oiigo- and 
polysaccharide rnoiecuies in the presence of giucoamylase by cleaving a-{1,4) and a-(1,6) 

20 glucosidic bonds. 

The partial hydrolysis of the precursor starch utilizing a-amyiase provides an initial 
breakdown of the starch molecules by hydroiyzing internal a-{1,4)-Sinkages. in commercial 
applications, the initial hydrolysis using a-amylase Is run at a temperature of approximately 
10SX. A very high starch concentration is processed, usually 30% to 40% solids. The initial 

25 hydrolysis is usually earned out for five minutes at tills elevated temperature. The partially 
hydrofyzed starch can then be transferred to a second tank and incubated for approximately 1-2 
hour at a temperature of $5° to 98 S C to derive a dextrose equivalent (D.E) of 10 to 15. 

The step of further hydroiyzing the release of D-glucose from the non-reducing ends of 
the starch or related oiigo- and polysaccharides molecules in the presence of giucoamylase is 

30 normally carried out in a separate tank at a reduced temperature between 30 s and 82°C, 
Preferably the temperature of the substrate liquid Is dropped to between 55° and 60*C. The pH of 
the solution is dropped from about 5.5 to 6.5 to a range between 3 and 5.5. Preferably, the pH of 
the solution is 4 to 4.5. The giucoamylase is added to the solution and the reaction is carried out 
for 24-72 hours, preferably 38-48 hours. 

35 By using a thermostable giucoamylase saccharification processes may be carried out at 

a higher temperature than traditional batch sacdiarificaiion processes. According to the invention 
saceharifieafion may be carried out at temperatures in the range from above SO-SO^C, preferably 



63-?5 :i C, This apply both for traditional batch processes (described above) and for continuous 
saccharf icatiori processes. 

Actually, continuous sacchanfication processes including one or more membrane 
Si pa at on steps, i e. ft trotion steps, must be carried out at temperatures of above 60*C to be abie 
5 to maintain a reasonably high flux over the membrane or to minimize microbial contamination. 
Therefore, thermostable giucoamyiases provides the possibility of canying out large scale 
continuous saeeharification processes at a fair price and/or at a lower enzyme protein dosage 
within a period of time acceptable for industrial saccharification processes. According to the 
invention the saccharification time may even be shortened, 
10 The glucose yield from a typical saccharification trial with glucoamyiase, acid amylase 

and pullulanase is 05,5-98.5%. The remaining carbohydrates typically consists of 1% maltose, 
1.5-2% isomattose and 1-15% higher oiigosacharides. The disaccharides are produced since the 
giueaamylase at high concentrations of glucose and high dry-solid levels has'a tendency to form 
reversion products. 

15 A glucoamyiase with an increased specific activity towards saccharides present in the 

solution after liquefaction and saccharides formed dumg saccharification would be an advantage 
as a reduced enzyme protein dosage or a shorter process time then could be used.. In general, 
the glucoamyiase has a preference for substrates consisting of longer saccharides compared to 
short chain saccharides and the specific activity towards e,g< maitoheptaose is therefore 

20 approximately 8 times higher than towards maltose. An increased specific activity towards short 
chain saccharides such as maltose {without reducing the activity towards oligosaccharides) would 
therefore also permit using a iower enzyme dosage and/or shorter process time. 

Furthermore, a higher glucose yield can be obtained with a glucoamyiase variant with an 
Increased atpha-1,4 hydrolytsc activity (if the alpha- 1,6 activity is unchanged or even decreased), 

25 since a reduced amount of enzyme protein is being used, and atpha-1,6 reversion product 
formation therefore is decreased (less isomaltose). 

The glucoamyiase of the invention may be used In the present inventive process in 
combination with an enzyme that hydroiyzes only a-(16>glucosidic bonds in molecules with at 
least four giucosyi residues. Preferentially, the glucoamyiase of the invention can be used in 

30 combination with pullulanase or isoamyiase. The use of isoamyiase and pullulanase for 
dabranehing, the molecular properties of the enzymes, and the potential use of the enzymes with 
glucoamyiase is set forth in QMA. van Beynum et al , Starch Conversion Technology, Marcel 
Dekker, New York, 1985, 101-142. 

35 



27 



wo KHM-itnis 



Signal Peptide 

The present Invention also relates to nucleic acid constructs comprising a gene 
encoding a protein operably linked to a nucleic acid sequence consisting of nucleotides 1 to 54 
of SEQ ID NO:1 encoding a signal peptide consisting of amino adds i to 18 of SEQ ID NO:2, 
8 wherein the gene is foreign to tr 

The present invention ai 



The present invention also relates to methods for producing a protein compi sin< ' 1 
B such a recombinant host ceil under conditions suitable for production of the protein; 
1 0 and (b) recovering the protein. 

The nucfeic acid sequence may be operably linked to foreign genes with other control 



The protein may be native or heterologous to a host cell. The term "protein" is not 
meant herein to refer to a specific length of the encoded product and, therefore, encompasses 
15 peptides, oligopeptides, and proteins. The term "protein" also encompasses two or more 
combined to form the encoded product. The i 
which comprise a combination of partial or c 
i at ieast two differ* 



20 variations of the above mentior 

Preferably, the protein is a hormone or 
thereof, antibody or portion thereof, or reporter. In a more preferred embodiment, 
is an oxidoreductase, transferase, hydrolase, lyase, isomerase, or iigase. in an 
preferred embodiment, the protein is an aminopeptidase, 

26 



peroxidase, phytase, poiyphenoioxidase, proteolytic enzyme, 



30 The gene may be obtained from any prokaryotic, eukaryotic, or other s 



The present invention is further described by the 
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EXAMPLES 



Example 1 

Cloning of genomic DMA of AM roifmi into an Aspergillus vector. 
S The AMG encoding gene was cloned from the genomic DNA of an Athelfa rofM 

strain using specific PGR primers that were designed from the AUG sequence which is 
avafiaWs in the public databases (e.g. EMBL accession number D49448). The genomic clone 
contained nine infrons which are not present or indicated in the EMBL sequence; the entire 
sequence encoding the AMG of Athelia rotfsii is shown in SEQ ID MO: 1, the encoded AUG 
10 amino acid sequence is shown in SEQ iD NO: 2, 

Forward cloning primer ind a 8amH1~site; DCrF1 (SEQ ID NO: 3): 
5' acgtacggatccacaatgtttcgttcactcclgg 

15 Reverse cloning primer incl. a Sa/1~$ite; 0CrR1 {SEQ ID NO: 4): 
5' gtacgtgtcgacctagagaaacaagatagg 

A PCR amplification with genomic DNA of AtheMa roifsii as template was made with 
the cloning primers DCrF1 and DCrR1 , and the Hi-Mdeiity ReddyMix™ (Extensor Hi-Fidelity 

20 PGR Master mix ReddyMix™, eatno AB0794, Abgene® UK). The PCR product was tested in 
a 1 % agarose gel, and the PCR fragment band at 1876 bp was cut out from the gel and 
purified using a GFX™ PCR D NA and gel band purification kit from Amersham Pharmacia 
(Gat.no 27-9602-01). The PCR fragment was then digested with the two restriction enzymes 
Sa/1 and BamH1 in 2 separate reactions. The fragment was purified using Amersharn 

25 MicroSpin™ chromatography coiumns in between the digests. 

The Aspergillus expression vector pDAu71 described below was cut with Xho1 and 
BamHi at the same time, and was then isolated from a 1 % agarose gel. The band at 7857 bp 
was cut out and purified using the Amersham GFX m kit 
30 Purified vector and PCR fragment were iigated with T4 DNA iigase and transformed 

Into Ecoti XL1 blue cells. Plasmid DNA was isolated from the resulting clones and wee 
sequenced to confirm correct construction. 

Construction of the expression plasmid pMT 2188 was done as follows. The 
35 Aspergillus expression plasmid pCaHj527 (described in WO 0070084) consists of an 
expression cassette based on the Aspergillus niger neutral amylase If promoter fused to the 
A&p&tgSim nidulam those phosphate Isomerase non translated leader sequence (Pna2%i) 
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and the Aspergillus niger amyiogiycosidase terminator (Tamg). Also present on the plasmid is 
the Aspergillus selective marker amdS from Aspergillus nfdulam enabling growth on 
aeefamkjte as sole nitrogen source and the URA3 marker from Saccharomyces cerevisiae- 
enabiing growth of the pyrF defective Escherichia coil strain DB6507 (ATCC 35673} 
5 Transformation into E. ooli DB6507 using the 8. c®mvisiae URA 3 gene as selective marker 
was done In the foiiowing way: £ co// D89507 was made competent by the method of tvtandei 
and Higa (Mandel, M. and A. Higa (1970) J. Moi, Bioi. 45, 154). Transformants were selected 
on solid MB medium {Sambrook et a! {1986} Molecular cloning, a laboratory manual, 2. 
edition, Cold Spring H arbor L aboratory Press) supplemented with 1 g/1 casaminoacsds, 500 
10 pg/l thiamine and 10 mg/l kanamycin. ThePna2/tpi promoter present on pCaHJ527 was 
subjected to site directed mutageneses by a simple PGR approach; the nucleotides 134 - 144 
were altered from GTACTAAAACC to CCGTTAAATTT using a mutagenic primer, and 
nucleotide 423 - 436 were altered from ATGCAATTTAAACT to CGGCAATTTAACGG using 
another mutagenic primer. The resulting plasmid was termed pMT 2188. 

15 

Construction of the plasmid pJaL719 took place as follows. The 6352 bp EcoRi- 
SamHI fragment from pMT.2188 and the 617 bp EcoRI-BamHI fragment from pJaL676 where 
iigated together resulting in plasmid pJaL719, 

20 The plasmid pJaL721 was constructed as follows, Plasmid pJaL721 Is a derivate of 

P&L719 where part of the NA2 promoter from position 7 to 510 has been duplicated. By PGR 
a 538 bp DMA fragment was amplified from pjai.676, purified, and digested with the restriction 
endonucieases EcoRI, resulting in a 520 bp DMA fragment. The 520 bp DNA fragment was 
iigated together with the 6355 bp EcoRi DNA fragment from pJal719, resulting in plasmid 

25 pJaL72t 

The plasmid pCaH]607 was constructed as follows. The ampiciliin resistance g ene 
from pUC19 was inserted into the URA3 gene in pMT2188 in such a way that the ampiciin 
resistance gene was flanked by Not I sites, and so that the URA3 gene could be recreated by 
30 excising the ampiciliin resistance gene using Not I. The amplelliin resistance gene was PGR 
amplified from pUC 19 using the PGR primers Amp 5 ! and Amp 3'. The 5' part of the URA3 
gene was amplified from pMT2188 using the primers URA amp 5' and URA 5 3 : not. 
The 3' part of the URA3 gene was amplified from pMT2188 using the primers URA 3 5' not and 
URA amp 3': 

35 

amp 3* {SEG ID NO: 5): caaagagacatgggcggccgcaggatcttcacctagatcc 
Amp 5' (SEG ID NO: 8): cgtaaccttcatcgcggccgcatg tatccgctcatgagac 

30 



lira 3 5* not (SEQ ID NO: 7): gtctcatgagcggatacatgoggccgcgatgaaggitacg 

URA 5 3' not {SEQ ID NO: 8); ggatctaggtgaagatcctgcggccgcccatgtctemg 

URA amp 3* (SEQ ID NO: 9): taatcggtaagcgagitgc 

URA amp 6' (SEQ ID NO: 1 0); ttacgaatgcacacggtgt 

Hie formed PGR fragments were fuse using the splicing by overlap method again 
using the primers URA amp 5' and URA amp 3' for the amplification. The formed PCR 
fragment was cloned into pWT2188 as a Stu i ~ EcoR I fragment resulting in the piasmid 
5 pCaHj807. 

Construction of the Aspergillus expression vector pDAu7l was done as follows. The 
Aspergillus expression vector pJal721 was cut with Kspl and Sspl restriction enzymes. The 
digest was run on 1% agarose go! and the 8558bp vector band was cut and purified from the 
10 agarose gel using the DNA extraction Jetsorb™ ge! kit (Genomed* Germany), A PGR with 
pJat?21 as template was made using primers DAuPtOS and DAuP106, introducing a mutation 
in the Sspl site. 

DAuP105 {SEQ iD NO: 1 1): 5' gctggtgattggctggct 
15 DAUP108 (SEQ ID NO: 12): 5' atgttgaatagctcgccc 

The Expand™ High Fidelity PCR system (Roche* Germany) was used according to 
the manufacturer's instructions. The amplified fragment was then purified from the primers and 
nucleotides using QiAquick™ DNA cleanup system {Guiagen®}. The PCR product was then 
20 digested with Kspl restriction enzyme and run on a 2% agarose gel. A 317bp band was cut 
and purified from the agarose gel also using the DNA extraction Jetsorb™ kit. The 31 ?bp 
fragment was then cloned into the Kspl-Sspi cut vector pJaL721 resulting in the mutagenesis 
of the Sspl site so that the recognition site did no longer exist. This intermediate vector was 
named pDAuSS. 

25 A staffer DNA sequence was then cloned Into pDAu58 by cutting pDAuSS with BamHf 

and Xhol restriction enzymes, running the digest on a 1% agarose get and purifying the cut 
vector using the Jetsorb™ DNA extraction kit. A stuffer DNA fragment, also cut using BamHI 
and Xhol, was then cloned into pDAuSS. This intennedsate vector was named pDAuOS, 

From plasmid pCaHJ807 an antibiotic selection cassette consisting of the amplciin 

30 resistance gene inserted in the URA3 coding region was then cfoned into pDAuSS instead of 
the URA3 selection marker and the promoter region NA2 minus TATA-bax, The antibiotic 
selection cassette was cut from pCaHJ607 using Xcml and EcoRI restriction enzymes. The 
XcjuI-EgoRI fragment was separated on 1% agarose gel and purified using DNA extraction kit 
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Jetsorb™. The plasmid pDAuSS was also art mih Xcmi and EcoRJ and piaffed from a 1% 
agarose gel using the Jeteorb™ DNA extractor* kit The resulting intermediate plasmid was 
named pDAuTO. 

The promoter region NA2 minus TATA-box was then (toned hack into pDAu?0. The 
5 plasmid pJaL721 was out with EeoRI, the promoter region NA2 minus TATA-box was 
separated on 1% agarose gel and purified using the DNA extraction Jetsorb™ kit, The 
promoter region was cloned into pDAu68 cut with EcoRi and purified from a 1% agarose @e! 
using the DNA extraction Jetsorb™ kit. The resulting plasmid was denoted pDAu?t 

10 Example 2 

Making a 62 form of A.roifsii AUG without linker and starch-binding domain (SBD). 

A cloning primer which introduces a STOP-cotion in the AMG encoding gene after 
the sequence which encodes the amino acids IALP was designed. 

i 5 Reverse primer incl. a Sacil site; 240303P1 (SEQ ID NO: 13): 
5' gggcccccgcggctaggggagagcgaicgtggcactc 

A PCR amplification with cDNA (i,e. intron-free) of Aihelia rotfsti as template was 
made with the cloning primers DCrFI (SEQ ID NO: 3) and the reverse primer 240303P1 (SEQ 
20 ID NO; 13), and the Proof Start™ polymerase from Qiagen®. The PCR product was tested in a 
1 % agarose gei, and the PCR fragment band was cut out from the gel and purified using a 
GFX™ PGR DNA and gel band purification kit from Amersham Pharmacia (Cat.no 27-9802- 
01). The PCR fragment was then digested with me two restriction enzymes Sacll and BamHI. 

The Aspergillus expression vector pEN!2S16 (the construction of which is described 
25 in detail in co-pending patent application PA 2003 00169, filed with the Danish patent office on 
08 Feb 2O03) was cut with Saeii and BamHi at the same time, and was then isolated from a 1 
% agarose gel. The band at 7857 bp was cut out and purified using the Amersham GfX m kit 

Purified vector and PCR fragment were iigated with T4 DNA iigase and transformed 
into EcoffOne Shof'TOPIG (invitrogen™) cells. Plasmid DNA was isolated from the resulting 
30 clones and was sequenced to confirm correct construction. 

Example 3 

Transformation of Aspergillus nig&r. 

90 mi sucrose media + 1 ml 1 M NaNO a + 10 ml of YPD (Sherman et al, (1981), 
35 Methods in Yeast Genetics, Cold Spring Harbor Laboratory) were inoculated with spores of A, 
ntg&r strain HowB112 (described in WO 99/28448 Al) and incubated with shaking for about 
24 hours. The mycelium was harvested by filtration through miracioth and washed with 200 mi 
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of 0.6 M MgSG4, The mycelium was suspended in 15 mi of 1.2 SV5 MgS04, 10 mM NaH2P04. 
pH 5.S. The suspension was coded on ice and 40 mg of Novozym™ 234 (Novozymes 1 *) was 
added. After S mla, 1 ml of 12 mg/ml BSA (Sigma™ type H25) was added and incubation with 
gentle agitation continued for 15-2 hours at 3? degrees ceicius until a large number of 
5 protoplasts ware visible in a sample inspected under the microscope. 

The suspension was then filtered through miraeloth filter, the filtrate transferred to a 
sterile tube and overiayed with 5 ml of 0.8 M sorbitol. Centrifugation was performed for 15roin. 
at 1000 Q and the protoplasts were collected from the top of the MgSG4 cushion, 2 volumes of 
SC (1.2 M sorbitol, 10 mM CaCI2) were added to the protoplast suspension and the mixture 

10 was centfifugated for 5 msn, at 1000 G, The protoplast pellet was resuspended in 5 ml of SC 
and repeileted. This was repeated. Finally, the protoplasts were resuspended tn 2 ml of SC. 

100 microliters of protoplast suspension was mixed with 5 micrograms of DNA prep 
of A.rolfsii cloning and 1 microgram of toe selectionplasmid pToC30 (described in WO 
91 17243 A1) The mixture was left at room temperature for about 25 minutes. 0,3 ml of 80% 

15 PEG 4000 and 10 mM CaCI2 is added and carefully mixed (twice). The mixture was left at 
room temperature for 25 min. Finally the protoplasts were spread on minimal plates (Cove, 
(1986), Biochem. Biophys. Acta 113, 51-56) containing 1.0 M sucrose, pH T.0 S 10 mM 
acetamide as nitrogen source and 20 mM CsCI to inhibit background growth. After incubation 
for about 7 days at 37 degrees Ceicius, spores were picked, inoculated in YPM and spread for 

20 single colonies, The YPM supernatant was tested for AM6 activity after 3 days incubation at 
34 degrees Ceicius. This procedure was repeated twice and spores of a single coiony after the 
third re-isolation were stored as a defined transformant. 



25 Example 4 

Saocharification experiments with .4. roSfsli gtucoarnyiase 

Substrates for saocharification were prepared by dissolving a DE 11 maitodextrsn 
prepared from com starch liquefied with LIQUOZYME X™ {Novozymes A/S) in Milii-Q 7 * wafer, 
and adjusting the dry solid matter content (DS) to approximately 30%. The saccharifies Oon 
30 experiments were carried out in sealed 50ml biue-cap flasks fitted with magnetic stirrers. The 
pH of the solutions were adjusted at the start of saccharification, with the pH electrode 
calibrated at the saccharification temperature. The following enzymes were used: 

AfolMGA 18.SAGU/ml 
OEXTROZYME ™ GA (benchmark) 357 AGU/g 

35 
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Standard reaction conditions 

Substrate concentration 30.0 % w/w 

Temperature 60*0 

pH (initial) 4,3 

5 Enzyme dosage 0,2 AGU/g DS 



Samples were taken at set intervals and heated in boiling water for 15 minutes to 
inactivate the enzymes. After cooling, the samples were diluted to about 5% DS and filtered 
(Sartorius MINISART™ NML 0.2 micron), before being analysed by HPLC, The glucose levels 
10 as a % of total soluble carbohydrate are given in table 1 below. 



Table! 



sample 


24 hours 


48 hours 


72 hours 


A. rolfsi GA 


90.74 


95.91 


98.29 


DEXTROZYME™ GA 


$0.22 


94.87 


95.68 



These results indicate that the purified glucoamyiase from A rolfsii gives a higher glucose yield 
1S than the cornmerciai enzyme product DEXTROZYME™ GA (Novozymes A/S; produced from 
A nig&r) which contains both glucoamyiase and acid stable amylase activity. 



Example S 

Saccharification experiments with A rolfsii glucoamyiase with pulluianase 
20 Substrates for saccharification were prepared as above, and the saccharification 

reactions were carried out in sealed 50ml biue-cap flasks fitted with magnetic stirrers. The pH's 
were adjusted at the start of sacchariffcation, with the pH electrode calibrated at the 
saccharification temperature. The following enzymes were used: 

A.roif$i$ GA 1 .93 AGU/mi 

25 DEXTROZYME ™ GA {benchmark}357 AGU/g 

PROMOZYME™ D2 (pullufanase) 1480 NPUN/g 



Standard reacti on conditions 

Substrate concentration 30.0 % w/w (initial) 

30 Temperature 60*0 

pH (initial) 4,5 

Enzyme dosage see table 2 
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Sample no, 


Enzyme 


Dex GA 
AGU/g 
DS 


Promo D2 
NPUN/g 
DS 


A.rolfsii GA 
AGU/g DS 


1 


Dextrazyme™ GA 


0.20 






2 


relfsi i Pt ; > Z) a ' D3 




0,3 


0.16 



Samples were taken at set intervals and heated in boiling water for 15 minutes to 
inactivate the enzymes. After cooling, the samples were diluted to about 5% DS and filtered 
§ {Sartorius MINISART™ HUl 0.2 micron), before being analysed by HPLC. The glucose levels 
as a % of iota! soluble carbohydrate are given in table 3 below. 



Table 3. 



^ Sample no. f 24 hours 


48 hours 


72 hours 


1 I 93,56 


95,88 


95,95 


2 j 69,53 


96,13 


96,46 



10 These results indicate that when purified gfucoamylase from A. rolfsii is combined with 

pululanase, a higher glucose yield can be achieved than with the commercial product 
DEXTROZYME™ GA, even though the giucoamyiase concentration (enzyme dosage) of the 
A, rotfsi; preparation is lower Shan that of DEXTROZYME GA. 

15 Example 6 

Saccharification experiments with A. roifsii glucoamyiase with A.niger alpha amylase 

Substrates for saccharication were prepared as above and the saccharificaffcm 
reactions carried out in sealed 50mi blue-cap flasks fitted with magnetic stirrers. The pH's were 
adjusted at the start of sacchartfication, with the pH electrode calibrated at the saceharsf icatton 
20 temperature. The following enzymes and activities were used: 

A.roffsu GA 2.05AGU/ml 
DEXTROZYME ™ GA (benchmark) 357 AGU/g 
A. mget - acid alpha amylase 85.4 FAU(A)/g 

25 

Substrate concentration 
Temperature 
pH (initial) 
30 Enzyme dosage 



30.0 %w/w {initial) 

60*C 

4,3 

see table 4 below 
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Table 4. 



Sample no. 


Enzyme 


Dex OA 
A6U/3 OS 


Ammn GA 

AOU/0 DS 


a-amytase 

FAUiA ;g DS 


1 


Df it Gfi 


0.20 






2 


AralfsnGA* 
Ao/gera-amyfes© 




0,176 


0.042 


% 


An»era~amylase 




6,20 


0.04S 



Samples were taken at set intervals and heated in boiling water for 15 minutes to 
inactivate the enzymes. After cooling, the samples were diluted to about 5% DS and filtered 
5 {Sartorius M1NISART™ NWL 0.2 micron), before being analysed by HPLC. The glucose levels 
as a % of total soluble carbohydrate are given in the table below: 



Table 5. 



Sample no. 


24 hours 


48 hours 


72 hours 


1 


93 8 ' 


96.05 


96.10 


2 


J 88 92 


96.74 


96,83 


3 


■.c.o. 


96.79 


96.60 



1 0 These results ind icate that when purified giucoamyiase from A rolfsit is combined with 

A mger acid stable alpha-amylase In the same glucoamylase/alpha-amylase ratio as is found 
in the commercial product DEXTROZYME™ GA, a significantly higher glucose yield can be 
achieved than with DEXTRQZYME™ GA. 

15 

Example 7 

The determination of the % dextrose (DX) value according to the invention is done by 
Ion Moderated Partition Chromatography, according to the method deveicped and published 

20 by Scobeil et at, Cereai Chemistry 54 (4), July-August 1977, pages 905-917. For this analysis, 
an AmSnex HPX 87C column thermostated at 85°C is recommended. Using deionised water as 
the eluent, good separation of monosaccharides such as dextrose {glucose) and fructose can 
be obtained. Monosaccharides and oligosaccharides {maltose, isomaitose, panose and higher 
sugars} are determined according to the area normalization procedure without the need for 

25 calibration and dry matter determination. The amounts of the different components are 
expressed as % w/w {g /1Q0g dry matter) as measured by refractometry. 
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CLAIMS 

1. A method of recombinantiy producing s g ucoo lyiase e J n j f " 1 r 5 he stop of 
expressing a polynucleotide encoding a polypeptide having glucoamyiase activity {E.G. 
3.2.1.3) in a filamentous fungal host cell, wherein the polypeptide comprises an amino acid 
5 sequence which is at least 70% Identical to the sequence shown in positions 19 to 471 (both 
ind.)of$EQ ID NO: 2. 



2. The method according to claim 1, wherein the polypeptide also comprises a starch-binding- 
domain (SBD). 

10 

add sequence which is at least 80% identical to the sequence shown in positions 483 fo 579 
(both inci) of SEQ ID NO: 2. 

15 4. The method according to any of claims 1 - 3, wherein the polypeptide comprises an amino 
acid sequence which Is at least 80% identical to the sequence shown in positions 19 to 579 
(both tod.) of SEQ ID NO: 2. 



to any of claims 1 - 4, v 



poiypeptide of at least 2 a 



6. The method according to any of claims 1 - 5, wherein the poiypeptide t 



25 7. The method according to claim 8, wherein the £ 
sequence which is at ieasi 95% identical to the sec : 
inci.) of SEQ ID NO: 2. 



1 to 18 (both 



8. The method according to any of claims 1 - 7, \ 
acid sequence which is at ieast 70% identical to tr 



9. The r 



to any of claims 1 - 8, 



in SEQ ID NO: 2, 

tous fungai host ceil is of 



35 10. The method according to claim 9, wherein the 
orysra&orA n/ger ceil. 



host cell is an A t 
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11 The method according to any of claims 1-10, wherein a subsequent step of recovery 
and/or purification of the giucoamylase is perfoftned 

12. A method for saccharifying liquefied starch, comprising the treatment of the liquefied starch 
6 with a polypeptide having giucoamylase activity {EC. 3.2.1.3), wherein the polypeptide 

comprises an amino acid sequence which is at least 70% identical to the sequence shown In 
positions 19 to 471 (both incl.) of SEQ iO NO: 2, whereby a % dextrose {DX} value of at least 
m% is achieved at 30% w/w (g/IOOg dry matter) substrate concentration at 8Q*C, the DX 
value Ss determined as defined in Example 7 herein. 

10 

13. The method according to claim 12, wherein the polypeptide also comprises a starch- 
bind ing-domain (SBD). 

14. The method according to ciaim 13, wherein the starch-binding-domain comprises an amino 
15 mid sequence which is at least 80% identical to the sequence shown in positions 483 to 579 

(both incl.) of SEQ (D NO: 2. 

15. The method according to any of claims 12-14, wherein the polypeptide comprises an 
amino acid sequence which is at ieast 80% identical to the sequence shown in positions 19 to 

20 579 (both Incl.) of SEQ ID NO; 2. 

16. The method according to any of claims 12 - 1S, wherein the polypeptide comprises a linker 
between the starch-binding domain and the remaining polypeptide of at least 2 amino acids. 

25 17. The method according to any of claims 12 - 16, wherein the polypeptide comprises a signal 
peptide, 

18. The method according to claim 17, wherein the signal peptide comprises an amino acid 
sequence which is at least 95% identical to the sequence shown in positions 1 to 18 (both 

30 Incl.) of SEQ ID NO: 2. 

19. The method according to any of claims 12 - 18, wherein the polypeptide comprises an 
amino acid sequence which is at least 70% identical to the sequence shown in positions 1 to 
579 (both incl.) of SEQ ID NQ: 2. 

35 

20. A filamentous fungal host cell comprising at least one copy of a polynucleotide encoding a 
polypeptide having giucoamylase activity {EO, 3.2.1.3), said polypeptide comprising an amino 
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add sequence which is at least 70% identical to the sequence shown in positions 19 to 471 
{both inci.) of SEQ ID NO: 2. 

21 . The host cell of claim 20, wherein the polypeptide also comprises a starch-blndlng-domain 
5 (SBD). 

22. T he host ceil of claim 21, wherein the starch-binding-domain comprises an ammo acid 
sequence which is at least 80% identical to the sequence shown in positions 483 to 579 (both 
inci.) of SEQ ID NO: 2. 

10 

23. The host cell according to any of claims 20 - 22, wherein the polypeptide comprises an 
amino acid sequence which is ai least 30% identical to the sequence shown in positions 19 to 
§79 (both inci.) of SEQ ID NO: 2. 

1 S 24. The h ost c etl a coording to a ny o f c iaims 2 0 - 2 3, w herein t he p oiypeptide c emprises a 
linker between the starch-binding domain and the remaining polypeptide of at least 2 amino 
acids, 

2S. The h ost c ell a coording to a ny of c Iaims 20 - 24, w herein t he p oiypeptide comprises a 
20 signal peptide. 

28. The host ceil according to claim 25, wherein the signal peptide comprises an amino acid 
sequence which is at least 95% Identical to the sequence shown in positions 1 to 18 (both 
inci.) of SEQ ID NO: 2. 

25 

27. The host cell according to any of claims 20 - 28, wherein the polypeptide comprises an 
amino acid sequence which is at least 70% identical to the sequence shown in positions 1 to 
679 (both inci.) of SEQ ID NO; 2. 

30 28, The host ceil according to any of claims 20 - 27 which is of the genus Aspergillus, 

29. The host cell according to claim 28 which Is an A. awamoff, A, oryzm, or A niger cell. 
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30. Use of a polypeptide having glucoamyiase activity (E.C. 3.2.1.3} in a starch conversion 
process* wherein the polypeptide comprises an amino add sequence which is at least 70% 
identical, to the sequence shown in positions 19 to 471 (both incl.) of SEQ ID NO: 2, 

5 31 Use of a polypeptide having glucoamyiase activity (EC, 3,2,1,3) in a continuous s larch 
conversion process, wherein the polypeptide comprises an amino acid sequence which is at 
feast 70% identical, to the sequence shown in positions 19 to 471 {both incl) of SEQ ID NO: 2. 

32, Use of a polypeptide having glucoamyiase activity (E.C. 3,2,1.3} in a process for producing 
10 oligosacciiarides, wherein the polypeptide comprises an amino acid sequence which is at least 

70% identical, to the sequence shown in positions 19 to 471 (both incl.) of SEQ SD NO; 2. 

33, Use of a polypeptide having glucoamyiase activity (EC, 3.2.1.3} in a process for producing 
specialty syrups, wherein the polypeptide comprises an amino acid sequence which is at least 

1 5 70% identical, to the sequence shown in positions 19 to 471 (both incl.} of SEQ ID HO: 2. 

34, Use of a polypeptide having glucoamyiase activity (E.G. 3,2.1 .3) in a process for producing 
efhanot for fuel or drinking ethanol ( portable alcohol), wherein the polypeptide comprises an 
amino add sequence which is at least 70% identical, to the sequence shown in positions 19 to 

20 471 (both ind.) of SEQ iD NO: 2. 

35, Use of a polypeptide having glucoamyiase activity (E.C. 3,2.1.3) in a process for producing 
a beverage, wherein the polypeptide comprises an amino acid sequence which is at teas! 70% 
identical, to the sequence shown in positions 19 to 471 (both incl.) of SEQ ID NO: 2, 

25 

38, Use of a polypeptide having glucoamyiase activity (E.C. 3.2.1,3) in a fermentation process 
for producing organic compounds, such as citric acid, ascorbic acid, iyssne, glutamic acid, 
wherein the polypeptide comprises an amino acid sequence which is at ieast 70% identical, to 
the sequence shown in positions 19 to 471 (both incl.) of SEQ ID HO: 2, 

30 

37, Use of a polypeptide having glucoamyiase activity (E.G. 3.2.1 .3) in detergents, wherein me 
polypeptide comprises an amino acid sequence which is at ieast 70% identical, to the 
sequence shown in positions 19 to 471 {both incl,) of SEQ ID NO: 2. 

35 38. Use of a polypeptide having glucoamyiase activity (EC. 3.2.1.3) in the pre-treatment of 
starch for extrusion, wherein the polypeptide comprises an amino acid sequence which Is at 
ieast 70% identical, to the sequence shown in positions 19 to 471 (both incl.) of SEQ ID NO: 2. 
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39. Use of a polypeptide having glucoamylase activity (B.C. 3.2,1.3) In compost and biological 
waste treatment, wherein the polypeptide comprises an amino acid sequence which is at least 
70% identical, to the sequence shown In positions 19 to 471 (both incl} of SEQ ID HO: 2. 

5 

40. Use of a polypeptide having glucoamylase activity (E.G. 3.2.1.3) in the purification of plant 
extracts for food additives, wherein the polypeptide comprises an amino acid sequence which 
Is at feast 70% identical, to the sequence shown In positions 19 to 471 (both incl.) of SEQ ID 
NO: 2. 

10 

41. Use of a polypeptide having glucoamylase activity (E.G. 3.2.1.3} in cosmetics and 
pharmaceuticals, wherein the polypeptide comprises an amino acid sequence which is at least 
70% identical, to toe sequence shown in positions 19 to 471 (both Incl.) of SEQ ID NO: 2. 

18 42. Use of a polypeptide having glucoamylase activity (E.G. 3.2.1.3} in the baking Industry, 
wherein the polypeptide comprises an amino acid sequence which is at least 70% identical, to 
toe sequence shown in positions 19 to 471 (both incl.) of SEQ ID NO: 2, 

43, Use Of a polypeptide having glucoamylase activity {E.C. 3.2.1.3} in the production of pet 
20 food, whereto the polypeptide comprises an amino add sequence which is at least 70% 
identical, to the sequence shown in positions 19 to 471 (both incl.) of SEQ ID NO: 2. 
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<22S> 

<22I> CDS 

<222> (411) . . (SS?) 

-c220> 

<22I> Xafcron 

«222> (SSS) . . (fiXS) 



<22X> CBS 

<332» {S3.?} • . (770) 

<220>- 

<22X> Intron 

<222> {?7X> . , (825) 
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<:22£» 

<22I> CDS 

<2S.S» {82S} . , (986) 

<220s» 

<221> latron 

<Z22> {367) - . (I0S8) 

<220> 

<:22X> CDS 

<222> (10SS) . . {1331) 

<221> Xafcron 

<222> 51332} ,, (140S) 



<222» (1410) (17 13) 
<220> 

«22X> Irstroa 

<222> (1714) « , {1787) 

«230> 

<221> COS 

<222> (1788) . . {1958) 
<220*- 

«22X> mtron 

*322> {1959} . * {2028} 
«220> 

<22X> CDS 

<222> {3021} . . {2116} 
<22Q> 

<221> Xsxtron 

«222* {2117} .. (2173) 

<220> 

<221> CDS 

<222> {2174} . , (2325) 
<4Q0> 1 

afcg ttt cgt tea etc etg gec ttg get gcg tgt qca gtc gec tct gta 48 
Met Phe arg ser Lew Deu Ms Leu Ala Ala Cys Ala Val Ala Ser Val 
X 5 10 IS 

tot gca cag tct gcg tct gcg sea gca tat cfct acc stag gaa tct gca 96 
Ser Ala Gin Ser Ala Ser Ala Thr Ala Tyr Leu Thr Lyes Glu Ser Ma 
20 25 30 

gtt gec aag aat ggc gta ctt tge aac att ggt. age sag gga tgc atg 144 
Val Ala Lys ksn Gly Val Leu Cys Asn XI a <3Iy Ser Gin Gly Cys Met 
35 40 45 

tct gag ggt gec tat age ggt att gtg ate gca tct ccc tct aaa act 192 
ser Glu Gly Ma Tyr Ser Gly lie Val lie Ala Ser Pro Ser Lye Thr 
SO 55 SO 
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age cct gac tat etc t gtgagtatts tttgtaaagt agectcaetg atagtae&tt 246 

Ser Pro Asp Tyr Leu 

SS 

fcscfcgagttc tgttacaacc ctggtattat aatag at acc tgg act cgc gac 300 

Tyr Tar Trp Thr Arg Asp 
75 

tea teg etc gec tec sag atg tfca att gac caa tac aca aat ggc ctg 348 
Set: Ser Lay Val Phs Lys Met x,ea He Asp Gin Syr Thr Asa Gly x»eu 
80 85 so 

gat acg gtatgtggca teagegttcc ggctegecte aaagatgnaa aattgatgtt 404 
Asp Thr 



tcttag aca ctg cgc act etc att gac gag ttt gtc tct gcg gaa gec 4S2 
Thr I,eu Arg Thr Leu He Asp Glu Pfce Val Ser Ala Glu Ala 
3S 100 105 

a«c att caa caa acc agt aac cca tct ggt acc gtc tct acc get qgt S0O 
Thr lie Gin Gin Thr ser Ass Pro Ser Oiy Thr val Ser Thr Oly Gly 
110 115 120 

etc ggc gaa ccc aaa the aat ate gac gag acg cea ttt acg ggc gca 545 
I,ec Gly Glu Pro Ays Phe Asn He Asp Glu Thr Ma Pha Thr oly Ala 
12 S 130 13 S 

tgg ggt cgt gtaagctacc aat&eacaat caaaatcgac catctgtatt S3? 

Trp Gly Arg 

140 

tactatctat aatttcfeag ccc caa cgt gat ggt ccc gee etc cgt gca acc 6455 
Pro Gin Arg Asp Gly Pro Ala Leu Arg Ala Thr 
14S ISO 

gca ate atg sec tat gcg acg tat ctg tac aac aat ggc aac act tec 69? 
Ala lie Met Thr Tyr Ala Thr Tyr Levi Tyr Asa Asa Gly Asa Thr Ser 
155 i«o 155 

tac gtg acc aac acc ctt tgg cct ate ate aag etc gac ctt gac tat 745 
Tyr val Thr Asa Thr Leu Trp Pro Tie He Lys h&u Asp Leu Asp Tyr 
170 175 180 18S 

gtc aac teg gac tgg aac cag ace a gtaagcgaat ttetaggggg 790 
Val Ase Ser Asp Trp Asa Gin Thr 
190 

acfctatctaa aacagcatat tcaaccsgta aatag eg ttt gac etc tgg gaa 842 

Thr Phe Asp Leu Trp Glu 
195 

gaa gtt gac teg tct tct ttc ttt acg act gec gtt cag cac cgt get 890 
<3lu Val Asp Ser Ser Ser Phe Ph.e Thr Thr Ala Val Gin His Arg Ala 
200 20S 210 215 

ctt gtt cag ggc gca gec ttt get ace etc ate ggc caa act teg tct 93 8 

Leu Val Gla Gly Ala Ala Pa© Ala Thr Leu He Gly Gin Thr Ser Ser 
220 22S 330 

get teg act tac tec gec aeg gec cct age att etc tgc fcfec ttg cag 9SS 
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Ala Set; Thr Tyr Ser Ala Thr , 

gtgagataaa aatcfcfccefca tgtaattggt fefcfctoccctc aaatfcgaaat tgaeatatfcfc 1Q4S 

gcgatccaat ag tct tac tag aac acc aac gga fcac tgg acg gee aac act 109? 
Ser Tyr Trp Ma Thr Asn Giy Tyr Trp Thr Ma Aen Thr 
2S0 2SS 260 

9Qt: gga «gt tec ggc aag gac gec aac ace ata etc get tct ate 1145 

Gly Gly Sly Arg Ser Gly T.ys Asp Ala Asa Thr lie X,eu Ala Ser lie 
26S 370 275 

cac aca ttt gac gee age gec ggc tgc fcet get gec accf tct caa oca 1133 
His Thr Fhe Asp Ala Ser Ala Sly Cys S«r Ala Ala Thr Ser Sin Pro 
2 80 285 290 

fcgc tct gac gta gca fcfcg gec aac ctg aag gta tac gtt gac tct tte 1241 
Cys Ser Asp Val Ala Leu Ala Asn Leu hys Val Tyr Val Asp Ser pfce 
3 00 3 OS 

cgt agt att tafc acg ate aac age ggt att tec tct acc teg ggt gtt 12$$ 
Arg Ser lie Tyr Thr He Asn Ser Sly lie Ser Ser Thr Ear Gly val 
310 315 320 

get act ggfc cge tac ccc gaa gat teg tat tac aat eac aac 1331 
Aia Thr Gly Arg Tyr Pro Glu Asp Ser Tyr Tyr Asn Sly Asn 
335 330 335 

gtacgtattt atctaattfct tceaagacag teaaagttta tgttcatceg cccectttfca 13S1 

ectgtaeatt eaaaatag ccc tgg tac etc tgc aca etc gee gtc gec gag 1442 
Pro Trp Tyr Leu cys Thr Leu Ala Val Ma Glu 

340 34S 

cag etc tafc gat get etc ate gta tgg aag get gec ggg gag etc aac 14 SO 
Gin Tyr Asp Ala Leu Us val Trp Lvs Ala Ala Gly Glu Leu Asn 
350 3SS 360 3 65 

gtc acc tee gfcc fccg etc gcg tte tfcc cag caa tte gac teg age ate IS38 
Val thr Sex val Ser Leu Ala She I'he Gin Gin ?he Asp Ser Ser lie 
370 37S 3 §0 

acc gee ggc act tac gec tec teg teg age gta tac act teg etc ate 1S8S 
Thr Ala Gly Thr Tyr Ala Ser Ser Ser Ser Val Tyr Thr Ser Leu lie 
385 390 3,95 

tct gac ate eag gcg tte gca gac gag ttt gtt gac att gtt gec aag x€34 
Ser Asp lie Gin Ala E>bs Ala Asp Glu Phe Val Asp He Val Ala Lvs 
400 405 410 

tac acg eefc teg fccfc ggc tte ttg tct gag eag tat gat aag tee acg 1682 
Tyr Thr Pro Ser Ser Gly Phe Leu Ser Qlu Gin. Tyr Asp Lys Ser Thr 
415 420 42S 

ggt get eag gat teg get get aac ttg act t gtaagtcate t&tttgtaca 1733 
Gly Ala Gin Asp Ser Ala Ala Asn Leu T&r 
430 43 S 

ttcfcafetccfc ttteaaaaaa aaaagtgatg etaatgattt ttggeggaaa eaag gg X7S.9 

Trp 
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tec tat get get, get ate acc get tac caa gee cgc aat ggc ttc aea 1037 
Ser Tyr Ala Ala Ala Xls Thr Ma Tyr Sic Ala Ar« Asa Sly Fhe Thr 
445 450 4 S 53 

ggt get teg tgg ggfa get sag gga gtt ttt ace tee tgc teg act ggt 1885 
Gly Ala Ser Trp Gly Ma Lys Gly Val Ser Thr Ser cys Ser Thr Gly 
460 46S 470 

get aea age ecg ggt ggc tea teg ggt agt gtc gag gtc act ttc gao 1933 
Ala thr Ser Pro Gly Gly Ser Ser Gly Ser Val Glu Val Thr Phe Asp 
473 480 485 

gut tac get acc aea gta tat gee e gtaagc&ctt gactagcttc I3?s 
Val Tyr Ma Thr Thr Val Tyr Gly 
4S0 495 

aaaccatacfc tcataafcget gataascaaa aaaatgaaac ag eg aac ate tat 2031 

Gin. Asn lie Tyr 
S00 

ate ace ggt gat gtg agt gag etc ggc aac tgg aca ccc gee safe ggt 2070 
lie Thr Gly Asp Val Ser Glu fceu Gly Ask Trp Thr Pro Ala Asm Gly 
SOS 5X0 5X5 

gtt gca etc tot tefc get aac tac ccc acc tgg agt g gtaagttgac 2126 
val Ma Leu Ssr Ser Ala Asa Tyr Pro Thr Trp Ser 
520 S2S 

cctfeaccagb atottgacag aeafctgatst tgasttcege aataeag ec acg ate 3X81 

Ma Thr lie 
530 

get etc cec get gac acg aea ate cag tac aag tat gtc aac att gac 2223 
Ala Lets. Pro Ala Asp Thr Thr II* Gin Tyr Lys Tyr Val Asa 11k Asp 
S3S S40 545 

ggc age acc gtc ate tgg gag gat get: ate age aat cgc gaq ate acg 2277 
Gly Ser Thr Val lie Trp Glu Asp Ala lie Ser Ann Arg Glu lie Thr 
5SO S55 560 

acg ccc gee age ggc aca fcac sec gaa aaa gac act tgg gat gaa tct 2825 
Thr Pro Ala Ser Gly Thr Tyr Thr Glu hys Asp Thr Trp Asp Gin Ser 
565 570 57S 

taaactgctg aacctgaacg gettgeaaaa gcgaatggtg tagaaaataa acgaagattt 2385 

tgattgettt gttttgtttc tcttcetafce ttgtttctct ag 2427 

-«ai0s- 2 

<2.1.1> 579 

<3X.3-> PET 

<213> Afcfoelia rolfsii 

<400> 2 

Met Phe Arg Ser hm, L«u Ala hem Ala Ala Cys Ala Val Ala Ser Val 
1 5 10 is 



Ser Ala Sin Ser Ala Ser Ala Thr Ala Tyr Leu Thr i,ys Glu Ser Ala 
20 25 30 

Val &ia Lys Asa. Gly Val teu Cy» Asa lie Gly Ser Gin Gly Cys Mat 
35 40 

Ser Glu Sly Ala Tyr Ser Sly lie Val lie Ma Ser Pro Ser Lys Thr 
58 SS so 

Ser Pro Asp Tyr Leu Tyr Tar Trp Thr Arg Asp Ser Ser Leu Val She 
65 70 7S 80 

Lys Met Leu lie Asp Gin Tyr Thr Asa Gly Leu Asp Thr Thr Le« Arg 



Thr Leu Xle Asp Glu Phe Val Ser Ala Glu Ala Thr lie aim Gin Thr 
100 105 3.10 



Ser Asa Pro Ser Gly Thr Val Ser Thr Gly Gly Leu. Gly Glu Pro Lys 
XXS 120 12£. 



f Asa Xle Asp Oiu Thr Ala Phe Thr Gly Ala Trp Gly Arc? Pro Gin 
130 135 140 



Arg Asp Gly Pro Ala Leu Arg Ala Thr Ala lie Met Thr Tyr Ala Thr 
3-45 150 155 160 



Tyr Leu T/i: Ash Ask Gly Asa Thr ser Tyr val Thr Asa Thr Leu Trp 
165 1.70 175 



Pro lie lie Lys Leu Asp Leu Asp Tyr Val Asa Ser Asp Trp Asa Glu 
180 is 5 190 



Thr Thr Phe Asp Leu Trp Glu Glu Val Asp Ser ser Ser Phe Phe Thr 
195 200 20S 



Thr Ala val Gla His Arg Ala Leu Val Gin Gly Ala Ala Phe Ala Thr 
210 2 IS 220 



Lea He Sly Gin Thr Ser Ser Ala Ser Thr Tyr Ser Ala Thr Ala Pro 
22 S 230 23S 240 



Ser lie Leu Cys Phe Leu Sin Ser Tyr Trp Ass Thr Asn Gly Tyr Trp 
24 S 250 " 255 
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Thr Ala Asa Thr Gly Giy Gly Arg Sear <31y Lys Asp Ala Asn Thr lie 
260 265 270 



Leu Ma 3er He His Thr Phe Asp Ala Ser Ala Gly Cys Ser Ala Ala 
275 280 235 



Thr Ser Gin Pro Cys Ser Asp Val Ala Lea Ala ten Leu Lvg Val Rt 
230 29S 300 



Val Asp Ser Phe Arg Ser lie Tyr Thr IX® Asn Ser Gly Tie Ser Ser 
3^5 320 3as 330 



Thr Ser Gly Val Ala Thr Gly Arg Tyr Pro Glu Asp Ser Tyr Tyr Asa 
325 330 " 335 



Sly Asa Pro Trp Tyr Leu Cys Thr Leu Ala Val Ala Glu Gin Leu Tvr 
340 345 350 



A*P Aia lie val Trp Lye Ala Ala Gly Glu Leu Asa Val Thr Ser 
3S5 3S0 365 



Val S«r Leu Ala Phe Phe Gin Gin Phe Asp Ser Sex- He Thr Ala Gly 
375 3 80 



Thr Tyr Ala Ser Ser Ser Ser Val Tyr Thr Ser Leu lie Ser Asp He 
385 390 39S 400 



Gla Ala Pile Ala Asp Glu Phe Val Asp He Val Ala Lys Tyr Thr Pro 
*0S 410 * 415 



Ser Ser Gly s»h« Leu Ser Glu Gin Tyr Asp Lys Ser Thr Gly Ala Gin 
430 42S 430 



Asp Ser Ala Ala Asa Leu Thr Trp Ser Tyr Ala Ala Ala lie Thr Ala 

«5 440 445 



Tyr Gin Ala Arg Asn Gly Phe Thr Gly Ma Ser Trp Gly Ala Lys Gly 
450 455 440 



Val Ser Thr Ser Cys Ser Thr Gly Ala Thr Ser Pro Glv Gly Ser Ser 
«S 470 475 480 



Gly Ser Val Glu Val Thr Phe Asp Val Tyr Ala Thr Thr Val Tyr sly 
485 4S0 4 95 



Gin Asn lie Tyr He Thr Gly Asp Val Ser Glu Lea Gly Asn Trp Thr 
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Pro Ala Asa Cly Val Ala Leu Ser Ser Ala Asa Tyr Pro ttor <Svp Ser 
SIS S2C 525 



Ma Tor lie Ala Leu Pro Ala top Thr Tar lie flln Tys X>ys Tyr Val 
530 535 540 



Asa lie Asp Qly Ser Thr Val lie Trp Ola Asp Ala lis Ser Asa Arg 
54 S SSO SS5 560 



Ola lie Thr Thr Pro Ala Ser Olv Thr Tyr Thr Glu Lys Asp Thr Trp 
SSS 570 57S 



<2T0> 3 

<S11> 34 

<2I2.> Dm 

<2U> Artificial seqwnce 
<220> 

<2i>3> Primer rJCrFl 



<400> 3 

acgtacggat ccacaatgtt fccgttcacfec cfcgg 



«210> 4 

<211> 30 

<ai2> vm 

<2%Z> Artificial sequence 



«220> 

<223> Primer DCrSX 



<400> 4 

gtacgtgtcg acetagagaa acaagatagg 



■s:210> S 

<2I1> 40 

«212> DMA 

•s213> Artificial segusace 
<220> 

<223» Primer amp 3 ' 

<4C0> 5 

*aaga acs &->:.c,ttc acctagafcee 



<310> 6 



wo 2<Hi4/nms 




mm. 

Artificial sequence 



Amp 5> 



auogcggccg catgtatccg ctcatgagac 



<2I0> 7 

■c3XX> 40 

<212> » 

<313> Artificial sequence 
<22Q> 

<223> Primer tJra 3 5' not 

gtctcatgag cggatacafcg cggccgcgat gaaggttacg 46 

<21X> 40 

<213> DMA 

<213> Artificial sequence 
<Z20> 

<223> Priinsr USA 5 3' not 



*210> $ 

<212> IS 

«212> XKBA 

<213> Artificial sequence 
<220» 

<223* .Primer USA. arap 3 ' 

<400> 9 

taatcggtsa gcgagttgc 1S 

<21G> 10 

<211> IS 

<2I2> DMA 

<ai3> Artificial sequence 
<220> 

<S2Z> Primer ORA amp S' 

<4S&> 20 

ttacgaasgc acacggtgt i9 



<4Q<i> 8 

ggatcfeaggfc gaagatcctg cggccgccca sgtctctfctg 



40 



<310> 11 
<211> IS 
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<213> Artificial sequence 

*223> Primer DAuPlOS 
<4C0> 11 

gctqgtgatt ggctggct 18 



<210> 12 

<211> 18 

<212> DM 

<213> Artificial saquanca 
<220> 

<223> Fxisssr OAuPlOS 

<400> 12 

sat< getcgee 



•:-;ruv=. 13 

<2rx> 37 

<212> SNA 

<2X3> Artificial sequence 
<220> 

«223> Primer 340303F1 

<400> 13 

gggeeeeege ggctagggga gagegategt ggcactc 
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